Introduction
============

Oral squamous cell carcinoma (OSCC) poses a major health problem in the world and \~600,000 cases are diagnosed every year.[@b1-ott-10-5099] Although advancements in surgery techniques, radiation, and chemotherapy protocols have increased the local control of OSCC, the overall survival rates have not improved significantly over the last 3 decades and remain at a low level of \~50%--60%.[@b2-ott-10-5099] However, when oral cancer is diagnosed early in stages I--II, the survival of the patients rises from 60% to 80%.[@b3-ott-10-5099] Therefore, early detection is of vital importance for the patients. There is clear evidence that the annual rate of malignant transformation of oral premalignant lesions (OPLs) differs from 0% to 20% in 1--30 years.[@b4-ott-10-5099],[@b5-ott-10-5099] Tumorigenesis and the malignant transformation from OPL to OSCC is a highly complex regulated process and depends on multiple steps.[@b6-ott-10-5099] In this context, angiogenesis is described as one of the most important mechanisms and has been identified to play a crucial role in progression and invasiveness of most tumors.[@b7-ott-10-5099]--[@b9-ott-10-5099] Angiogenesis depends on pro- and anti-angiogenic molecules, which are expressed by normal and malignant cells. Recently described pro- and anti-angiogenic factors were matrix metalloproteinases (MMPs) and insulin-like growth factors (IGFs).[@b10-ott-10-5099] Analysis of these molecules could be highly useful for the early detection as well as for the determination of the individual prognosis of (pre-)malignant lesions in the oral cavity.[@b11-ott-10-5099]

MMPs belong to a zinc-dependent endopeptidase superfamily[@b12-ott-10-5099],[@b13-ott-10-5099] that is distinct from other proteinases by the presence of a histidine sequence pattern.[@b14-ott-10-5099] The MMP family consists of 23 currently known zinc-containing enzymes and is classified into five groups based on their substrate and molecular structure: collagenases, gelatinases, stromelysins, membrane type MMPs and others.[@b13-ott-10-5099]--[@b15-ott-10-5099] MMPs are multifunctional proteolytic enzymes, able to cleave extracellular matrix components like collagens and fibronectin, growth factors, cytokines, and cell receptors.[@b14-ott-10-5099] In cancer, these MMPs regulate cancer cell growth, differentiation, apoptosis, migration, invasion, and regulation of tumor angiogenesis and immune surveillance.[@b14-ott-10-5099],[@b16-ott-10-5099] With regard to gene expression and immunohistochemistry level, an involvement of MMP-1, MMP-2, MMP-9, and MMP-10 in OSCC oncogenesis was seen.[@b17-ott-10-5099]--[@b20-ott-10-5099] As serum markers in OSCC, MMP-2, MMP-3, and MMP-13 were previously described.[@b13-ott-10-5099],[@b21-ott-10-5099]--[@b23-ott-10-5099]

The IGF system comprises a multifaceted network of ligands (IGF-1 and -2), their related receptors (IGFR-1 and -2), IGF-binding proteins (IGFBP1--6), and IGFBP proteases.[@b10-ott-10-5099],[@b24-ott-10-5099] Regarding carcinogenesis, the IGF family members regulate proliferation and inhibition of cell apoptosis, influence cell transformation through the synthesis of numerous regulatory proteins and control clonal expansion and metastases of cells.[@b25-ott-10-5099] IGF-binding proteins (IGFBPs) modulate the bioavailability of IGFs and regulate the interaction between IGFs and cell-surface receptors. In this context, IGFBP-3 seems to have the principal role in OSCC carcinogenesis.[@b26-ott-10-5099],[@b27-ott-10-5099]

There are numerous studies indicating an important role of MMP-2, MMP-3, MMP-13, IGF-1, and IGFBP-3 in different malignancies. However, to the best of our knowledge, there is no report available on serum status of these proteins in patients with OPL and OSCC. Therefore, the aim of this study was to evaluate the serum level of these proteins in a prospective multi-biomarker approach and correlate it with clinicopathological parameters.

Materials and methods
=====================

Subjects and sample preparation
-------------------------------

This prospective clinical study includes 81 patients with histopathologically proven primary OSCC, 75 noncancerous patients with OPLs, and 49 healthy individuals. The patients were treated in the Department of Oral and Maxillofacial Surgery (University Medical Centre Mainz, Germany). The OPL group consisted of noncancerous patients with oral leukoplakia and/or erythroplakia and lichen. All sera were collected from patients at the time of diagnosis and prior to surgery or radiation therapy. The control group was recruited from patients undergoing routine dentoalveolar surgery. Main inclusion criterion for the control group was the absence of any history of malignancy and infectious disease. All patients provided informed consent before participating in the study. The study was conducted in accordance with the Helsinki Declaration of 1975 as revised in 2000. The protocol was approved by the local ethics committee (Landesärztekammer Rheinland-Pfalz, Ethik-Komission, number 837.524.15 (10292)). The mean ages of OSCC patients, OPL patients, and healthy controls were 68±11.9 years (range 34--90), 61±12.8 years (range 24--81), and 58±14.0 years (range 26--93), respectively. Sites of tumor were buccal mucosa (14.8%), maxilla (11.1%), mandible (29.6%), tongue (14.8%), floor of mouth (16.8%), and palate (9.9%). According to T-Grade, 33.3% were T1, 24.7% were T2, 9.9% were T3, and 32.1% were T4 tumors; 58% of the cases had no lymph node metastasis (N0); 13.6% were graded N1; and 28.4 % were graded N2. One patient (1.2%) showed distant metastases (M1).

Assay
-----

Sandwich enzyme-linked immunosorbent assay (ELISA) was used for the quantification of MMP-2, MMP-3, and MMP-13 levels in blood samples with the DuoSets ELISA for humans (R&D Systems, Minneapolis, MN, USA) following the manufacturer's protocol. IGF-1 and IGFBP-3 were measured using a Chemiluminescence Immunoassay (IMMULITE^®^ 1000; Siemens Healthineers, Erlangen, Germany). Venous blood was allowed to clot for 30 minutes at room temperature and was then centrifuged for 10 minutes at 3,000× *g*. Serum samples were stored at −80°C until further processing. All measurements were made in triplicates. Examiners were blinded to clinical results.

Statistical analysis
--------------------

Statistical analysis was performed with univariate tests by using the software package of IBM SPSS Statistics 20.0 for Windows (IBM Corporation, Armonk, NY, USA). As serum levels of the investigated biomarkers were skewed to the right, logarithmic transformed values were analyzed. Survival curves were plotted by using the Kaplan--Meier method and compared using the univariate log rank test as described earlier.[@b28-ott-10-5099] For analysis of diagnostic accuracy, receiver operating characteristic (ROC) curves were used. For examination of the correlation between serum values, Spearman's rank-order correlation was performed. *P*-values \<0.05 are described as "statistically significant," although no adjustment for multiple tests has been applied.

Results
=======

Serum levels in association with clinicopathological data
---------------------------------------------------------

The serum levels of MMP-2, MMP-3, MMP-13, IGF-1, and IGFBP-3 in association with clinicopathological data are described in [Table 1](#t1-ott-10-5099){ref-type="table"}. Serum levels of MMP-3 were significantly higher in OSCC patients compared to healthy controls (*p*=0.004). Serum levels of IGF-1 in OPL and OSCC patients were significantly lower than IGF-1 serum levels of healthy controls (*p*=0.018 and *p*=0.001). Serum IGFBP-3 levels were significantly lower in OSCC patients compared to healthy controls (*p*\<0.001). Serum levels in relation to T-Grade (T1/T2 vs T3/T4) and lymph node involvement (N0 vs N+) showed the following *p*-values (T-Grade: MMP-2: *p*=0.002; MMP-3: *p*=0.953, MMP-13: *p*=0.234, IGF-1: *p*=0.732, and IGFBP-3: *p*=0.131; lymph node involvement: MMP-2: *p*=0.638; MMP-3: *p*=0.299, MMP-13: *p*=0.326, IGF-1: *p*=0.385, and IGFBP-3: *p*=0.103).

Serum levels in association with tumor recurrence, metastasis, and prognosis
----------------------------------------------------------------------------

In our examination of the relationship between serum levels of MMP-2, MMP-3, MMP-13, IGF-1, and IGFBP-3 and tumor recurrence, metastasis, or prognosis, the serum concentrations were divided into two groups. We chose the median of all OSCC serum values as cutoff. None of the investigated biomarkers had a significant influence on tumor recurrence or metastasis. OSCC patients with an IGF-1 serum value \<130 ng/mL showed a significant lower survival rate compared to OSCC patients with an IGF-1 serum value ≥ 130 ng/mL (*p*=0.043; [Figure 1](#f1-ott-10-5099){ref-type="fig"}). Cumulative survival after 12 months was 80.8% for patients with IGF-1 serum value \<130 ng/mL and 94.9% for patients with IGF-1 serum value ≥ 130 ng/mL. OSCC patients with IGFBP-3 serum value \<3.1 μg/mL had a lower survival rate compared to OSCC patients with IGFBP-3 serum value ≥3.1 μg/mL, however not statistically significant (*p*=0.157; [Figure 2](#f2-ott-10-5099){ref-type="fig"}). Twelve-months cumulative survival was 82.9% for patients with IGFBP-3 \<3.1 μg/mL and 92.7% for patients with IGFBP-3 ≥ 3.1 μg/mL. Combined use of IGF-1 (\<130 ng/mL) and IGFBP-3 (\<3.1 μg/mL) resulted in a significant lower 12-month cumulative survival compared to the complementary set (78.5% vs 93.8%; *p*=0.031; [Figure 3](#f3-ott-10-5099){ref-type="fig"}).

Determination of the diagnostic accuracy
----------------------------------------

To examine the performance of the investigated biomarkers for diagnosis of OSCC versus healthy controls and OPL patients, ROC curves were determined by plotting sensitivity versus specificity. The respective area under the ROC curve (AUC) as a measure of diagnostic performance in the discrimination of OSCC patients versus healthy controls is displayed in [Table 2](#t2-ott-10-5099){ref-type="table"}. For single biomarker analysis, only IGFBP-3 showed a good diagnostic accuracy with an AUC of 0.724. AUC for the discrimination of OSCC patients versus OPL patients is indicated in [Table 3](#t3-ott-10-5099){ref-type="table"}. None of the investigated biomarkers showed a good diagnostic accuracy in this context.

Correlation of serum values
---------------------------

A Spearman's rank-order correlation was performed to determine the relationship between the serum values of the different biomarkers. There was a strong, positive correlation between IGF-1 and IGFBP-3 values, which was statistically significant (*r*~s~ =0.625, *p*\<0.001; [Figure 4](#f4-ott-10-5099){ref-type="fig"}).

Discussion
==========

Many previous studies have demonstrated altered expression of cytokines and/or growth factors in tumor tissues or sera of patients with oral carcinoma.[@b29-ott-10-5099],[@b30-ott-10-5099] However, relevance of this altered expression on tumor diagnosis and influence on tumor recurrence and patient prognosis remain unclear. The aim of this prospective study was to investigate serum levels of MMP-2, MMP-3, MMP-13, IGF-1, and IGFBP-3 in healthy controls, patients with OPL, and patients with OSCC and correlate them with clinicopathological parameters.

MMP-2 is a gelatinase A, and in contrast to most MMP family members, activation of this protein can occur on the cell membrane.[@b31-ott-10-5099] MMP-2 is correlated with poor prognosis in many cancer types and was associated with tumor invasion and lymph node metastasis by mediating the degradation of extracellular matrix components.[@b31-ott-10-5099],[@b32-ott-10-5099] In our patient collective, higher MMP-2 serum values were found in OSCC patients compared to healthy controls, however not statistically significant. Lotfi et al showed significantly increased serum levels of MMP-2 in 20 OSCC patients compared to 20 healthy subjects.[@b23-ott-10-5099] In a study by Patel et al, serum MMP-2 values failed to show any correlation with disease status during follow-up period.[@b33-ott-10-5099]

MMP-3 is able to degrade a multitude of molecules including collagen type II, IV, IX, X, and XI, fibronectin, gelatins, elastin, proteoglycanase, E-cadherin, and osteopontin.[@b15-ott-10-5099],[@b34-ott-10-5099],[@b35-ott-10-5099] Previous studies described the role of MMP-3 in apoptosis induction, angiogenesis regulation, invasion, and metastasis in cancer.[@b15-ott-10-5099] In our study, serum levels of MMP-3 were significantly higher in OSCC patients compared to healthy controls. Furthermore, Agha-Hosseini et al showed increased MMP-3 serum concentrations from the reticular form of OPL to erosive form of OPL, and further to low stage of OSCC and advanced stage of OSCC.[@b22-ott-10-5099] Andisheh-Tadbir et al[@b36-ott-10-5099] indicated significantly elevated serum MMP-3 level in OSCC patients versus healthy controls. However, a correlation of serum MMP-3 concentration with clinicopathologic features such as tumor stage, tumor size, nodal status, and histological grade was not seen.

MMP-13 is known as collagenase-3, and increased expression of MMP-13 has been associated with tumor behavior and prognosis.[@b37-ott-10-5099] Studies indicated that MMP-13 is secreted directly by cancer tissue and indirectly promotes tumor angiogenesis.[@b12-ott-10-5099],[@b38-ott-10-5099] In the investigated subjects, higher MMP-13 values were seen in OPL and OSCC patients compared to healthy controls, however not statistically significant. Serum values in OPL and OSCC patients were comparable as described before.[@b21-ott-10-5099]

IGF-1 and its principal binding protein IGFBP-3 are essentially involved in normal somatic growth by supporting cellular proliferation and inhibiting apoptosis.[@b26-ott-10-5099] In addition, there is clear evidence that the IGF signaling pathway has a key role in the onset and progress of various malignant tumors and can be targeted for therapeutic intervention.[@b10-ott-10-5099],[@b25-ott-10-5099] To the best of our knowledge, this is the first study that shows significant lower IGF-1 serum values in OPL patients compared to healthy controls. Regarding lower levels in OSCC patients compared to healthy controls, two further clinical studies supported our results.[@b26-ott-10-5099],[@b39-ott-10-5099] In addition, our results indicated significant lower IGFBP-3 values in OSCC patients compared to healthy controls. Brady et al showed similar findings.[@b26-ott-10-5099] These results implicate that IGF-1 and IGFBP-3 may help in the early detection of OSCC and could be a potential tool for screening. However, the diagnostic accuracy in ROC analysis was not sufficient. These low ROC values may be overcome in the future, if joint effects of multiple biomarkers with a cumulated ROC value are applied, as described before.[@b40-ott-10-5099] In this way, the ROC values and diagnostic accuracy may be increased. IGF-1 and IGFBP-3 have practical advantages over other cytokines for diagnostic use. For example, no specific collection of protocols are needed, as IGF-1 is not expressed by blood cells. A possible disadvantage is that IGF-1 is also expressed in several other types of cancer. Therefore, a multibiomarker approach may be reasonable. The shown lower IGF-1 and IGFBP-3 values in OSCC seem to contradict the accepted role of IGF-1 in tumorigenesis, as an increased risk of cancer is associated with higher circulating levels of IGF-1 and IGFBP-3 in different cancers.[@b26-ott-10-5099],[@b41-ott-10-5099],[@b42-ott-10-5099] This could be explained with the hypothesis that OSCC is regulated by systemic IGF-1 levels at the onset of growth. With tumor progress, an independent autocrine stimulation of the tumor occurs with low IGF-1 systemic concentrations.[@b42-ott-10-5099] Another explanation may be that there is actually no relationship between serum values in cancer patients and healthy controls and that current technology in the detection of the molecules is insufficiently reliable or sensitive to levels of the active molecules of interest.[@b26-ott-10-5099],[@b42-ott-10-5099] Our results describe both IGF-1 and IGFBP-3 as new marker of prognosis of OSCC. The combination of both the factors showed the highest accuracy predicting survival. Therefore, clinical implementation of these factors in preoperative diagnosis seems to be promising and may result in a more aggressive surgical and adjuvant therapeutic approach. In our study, IGF-1 and IGFBP-3 levels correlated strongly with each other. These results indicate that these molecules have a strong functional interaction. The pathophysiology behind these results merits further investigation.

Conclusion
==========

In conclusion, high MMP-3 and low IGF-1 and IGFBP-3 serum values are associated with OSCC. IGF-1 and IGFBP-3 and especially the combination of both the factors represent a novel potential prognostic tool of important clinical interest for a better risk assessment of patient survival. The promising results of these biomarkers should now be confirmed in a clinical setting with larger patient numbers, and it should be determined whether the diagnostic and prognostic utility could be further improved by combining the investigated molecules with other serum markers.

The data from this study are part of the dissertation work submitted to Johannes Gutenberg University of Mainz as part of doctoral theses of Holger Schön and Christoph Gülle. Both authors collected and processed the samples.
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![Survival rate of OSCC patients with IGF-1 serum values ≥ 130 ng/mL (circles, n=41) and with IGF-1 serum values \<130 ng/mL (squares, n=40; *p*=0.043).\
**Abbreviations:** IGF, insulin-like growth factor; OSCC, oral squamous cell carcinoma.](ott-10-5099Fig1){#f1-ott-10-5099}

![Survival rate of OSCC patients with IGFBP-3 serum values ≥ 3.1 μg/mL (circles, n=42) and with IGFBP-3 serum values \<3.1 μg/mL (squares, n=39; *p*=0.149).\
**Abbreviations:** IGF, insulin-like growth factor; IGFBP, IGF-binding protein; OSCC, oral squamous cell carcinoma.](ott-10-5099Fig2){#f2-ott-10-5099}

![Survival rate of OSCC patients with IGF-1 (≥ 130 ng/mL) and IGFBP-3 (≥ 3.1 μg/mL) serum values (circles, n=51) and with IGF-1 (\<130 ng/mL) and IGFBP-3 (\<3.1 μg/mL) serum values (squares, n=30; *p*=0.031).\
**Abbreviations:** IGF, insulin-like growth factor; IGFBP, IGF-binding protein; OSCC, oral squamous cell carcinoma.](ott-10-5099Fig3){#f3-ott-10-5099}

![Correlation between serum IGF-1 (pg/mL) and IGFBP-3 (ng/mL) levels.\
**Abbreviations:** IGF, insulin-like growth factor; IGFBP, IGF-binding protein.](ott-10-5099Fig4){#f4-ott-10-5099}

###### 

Clinicopathological features and biomarker serum levels of the included subjects

  -------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics    Patients\   MMP-2\    *p*-value   MMP-3\      *p*-value   MMP-13\     *p*-value   IGF-1\    *p*-value   IGFBP-3\   *p*-value
                     (n)         (ng/mL)               (ng/mL)                 (pg/mL)                 (pg/mL)               (μg/mL)    
  ------------------ ----------- --------- ----------- ----------- ----------- ----------- ----------- --------- ----------- ---------- -----------
  Controls           49          100±34                10.7±8.2                189±372                 161±59                4.0±1.0    

  OPL patients       75          97±26     0.864       10.2±11.2   0.932       556±910     0.12        136±53    0.018       3.7±0.9    0.147

  OSCC patients      81          114±48    0.198       12.3±6.9    0.004       584±2,423   0.612       129±51    0.001       3.2±1.1    \<0.001

  Global *p*-value                         0.209                   0.001                   0.055                 0.004                  \<0.001
  -------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** MMP, matrix metalloproteinase; IGF, insulin-like growth factor; IGFBP, IGF-binding protein; OPL, oral premalignant lesion; OSCC, oral squamous cell carcinoma.

###### 

Area under the curve for the discrimination of OSCC patients versus healthy controls

  Biomarker                                             AUC     Asymptotic 95% confidence interval   
  ----------------------------------------------------- ------- ------------------------------------ -------
  MMP-2                                                 0.586   0.488                                0.683
  MMP-3                                                 0.667   0.568                                0.765
  MMP-13                                                0.539   0.438                                0.640
  IGF-1[\*](#tfn2-ott-10-5099){ref-type="table-fn"}     0.648   0.550                                0.746
  IGFBP-3[\*](#tfn2-ott-10-5099){ref-type="table-fn"}   0.724   0.636                                0.812

**Note:**

As low IGF-1 and IGFBP-3 serum values are associated with OSCC, negative IGF-1 and IGFBP-3 values were used.

**Abbreviations:** AUC, area under the curve; MMP, matrix metalloproteinase; IGF, insulin-like growth factor; IGFBP, IGF-binding protein; OSCC, oral squamous cell carcinoma.

###### 

Area under the curve for the discrimination of OSCC patients versus OPL patients

  Biomarker                                             AUC     Asymptotic 95% confidence interval   
  ----------------------------------------------------- ------- ------------------------------------ -------
  MMP-2                                                 0.602   0.511                                0.694
  MMP-3                                                 0.670   0.585                                0.756
  MMP-13                                                0.600   0.511                                0.690
  IGF-1[\*](#tfn4-ott-10-5099){ref-type="table-fn"}     0.522   0.431                                0.613
  IGFBP-3[\*](#tfn4-ott-10-5099){ref-type="table-fn"}   0.661   0.574                                0.747

**Note:**

Low IGF-1 and IGFBP-3 serum values are associated with OSCC.

**Abbreviations:** AUC, area under the curve; MMP, matrix metalloproteinase; IGF, insulin-like growth factor; IGFBP, IGF-binding protein; OPL, oral premalignant lesion; OSCC, oral squamous cell carcinoma.
